Gestation and lactation are times when females mammals have high energy expenditures. There is a strong relationship between a female's physiological state and her food requirements and absorption of nutrients and energy needs. The aim of these morphometric studies on the alimentary canal in control (nonpregnant and nonlactating) and pregnant and lactating females of the common shrew (Sorex araneus) was a comparative analysis of changes in the mucosa of subsequent regions of the digestive tract. The physiological state of the female (during gestation and lactation) was reflected by the anatomic structure of some sections of the alimentary canal. The length of the esophagus increased by 24.3% in females in late gestation relative to the control group, but its length in lactating females was close to that of females in the early stage of gestation. The duodenum of females in late gestation or during lactation was 39.8% longer than in control females. Length of the mesenteric intestine in pregnant and lactating females also increased 12.1% on average compared with the control group. The greatest changes in the alimentary canal occurred in the mucous membrane of the small intestine in pregnant and lactating females. The longest villi were found in the duodenum and the proximal part of the mesenteric intestine in these groups. The effect of these changes is an increase of digestive and absorptive area of the duodenum and proximal and intermediate regions of the mesenteric intestine. The entire area of the mucous membrane of the small intestine was 49.1% greater in lactating females than in control females and those at the early stage of gestation, and 20.5% higher in comparison with females in late gestation.
Small mammals (Micromammalia), including species from the orders Soricomorpha and Rodentia, maintain high rates of metabolism (Schmidt-Nielsen 1984; Wójcik and Wolsan 1998) . In females of small mammals, gestation and lactation is a period of potentially high energy expenditures. Results of previous studies indicate that there is a strict relationship between the physiological state of a female and its food requirements, absorption of nutrients, and use of energy provided by nutrients (Innes and Millar 1981; Król 1985; Lochmiller et al. 1982; Mattingly and McClure 1982; Stebbins 1977; Racey 1993, 1995) .
Studies on the resting metabolic rate of pregnant and lactating females of the common vole Microtus arvalis and of euthermic mammals (lesser hedgehog tenrec [Echinops telfairi] and whitetoothed shrew [Crocidura russula monacha]) show that the level of metabolism (cm 3 O 2 /g body mass) reaches maximum values in the middle of lactation (Migula 1969; Mover et al. 1989; Poppitt et al. 1993; Thompson and Nicoll 1986) .
The consequence of the rise in the metabolic rate during the reproductive period is an increase of energy requirements. This causes an increase in the amount of food consumed by female small mammals. Food consumption is usually low during gestation and increases during lactation, rising to as much as 150-300% of control values (Genoud and Vogel 1990; Gittleman and Thompson 1988; London and Racey 1987; Thompson 1992) . This has been confirmed by studies on pregnant and lactating females of the following rodents: the bank vole (Myodes glareolus), the common vole (Microtus arvalis), the house mouse (Mus musculus), the hispid cotton rat (Sigmodon hispidus), the common pine vole (Microtus subterraneus), and the albino and Wistar brown rat (Rattus norvegicus-Gxbczyński and Gxbczyńska 1985; Migula 1969; Prieto et al. 1994 ).
The phenomenon of the increased demands for energy from food also have been confirmed by studies on pregnant and lactating female insectivores, including C. russula, the savanna path shrew (C. viaria), the African giant shrew (C. olivieri), the common shrew (Sorex araneus), the Millett's shrew (S. coronatus), and the Eurasian pygmy shrew (S. minutus). Daily energy intake of females reaches 120% during gestation and from 200% (in Crocidura ) to 300% (in Sorex) of controls during lactation (Mover et al. 1989; Poppitt et al. 1993) .
Despite the larger amount of food consumed by pregnant and lactating females of small insectivores and rodents, absorption of nutrients in their small intestine remains at a high level, the same as in nonpregnant and nonlactating females (from 86% to 98%- Burdett and Reek 1979; Fell 1972; Mover et al. 1988; Pénzes and Simon 1968) . This is possible because the increase in amount of food consumed is accompanied by an increase in volume and capacity of the alimentary canal and in blood flow in vessels providing blood to the digestive system (Mover et al. 1989) . Additionally, the total mass of the stomach and small and large intestines and length of the small intestine increase (Burdett and Reek 1979; Gxbczyńska and Gxbczyński 1971; Souders and Morgan 1957) . This is an effect of extensive changes at the cellular level in tissues in the walls of regions of the alimentary canal. In females of albino and Wistar brown rats, the height of villi in the duodenum and ileum increases more than 50% compared to controls (Pénzes and Skála 1977) . In this period there is also a thickening of the muscular layer of the small intestine (Cripps and Williams 1975) and a small increase in height of the epithelial lamina cells of the mucous membrane in the stomach and cecum (Fell et al. 1963 ). With increased cell division, mass of the epithelium and surface area of the mucous membrane of the small intestine increase (Burdett and Reek 1979; Fell 1972; Harding and Cairnie 1975) . A similar hypertrophy of tissues and structures of the mucous membrane accompanying lactation has been described in the small intestine of sheep (Fell et al. 1963 ) and mice (Campbell and Fell 1964) . During gestation there is an increase in the thickness of laminas and membranes of the wall of the small intestine and an increase in the height of villi, but to a lesser extent than during lactation (Craft 1970) .
From among species of Micromammalia, shrews of the genus Sorex are distinctive in their high metabolic rate and high energetic demands (Dawson and Olson 1987; McNab 1991) . The basic metabolic rate of a sexually mature common shrew is .453% the value predicted for other mammals of the same body mass (Wójcik and Wolsan 1998). To maintain energy equilibrium, shrews consume large amounts of food rich in proteins, retaining the absorptive efficiency of the small intestine at the level of 93% (Churchfield 1990; Poppit et al. 1993) .
Because of its high metabolic rate and large food demands, the common shrew is an exceptionally interesting subject for studies of adaptations of the digestive system to pregnancy and lactation. There are no previous studies on changes in structure of the alimentary canal in female mammals during reproduction. The only previous studies on the alimentary canal of sexually mature female and male common shrews examined the relationship between anatomical and histological structure and the type of food consumed (Myrcha 1967; Wilczyńska 1996 Wilczyńska , 1998 . The aim of the present morphometric study was to compare surface area of the mucous membrane in nonpregnant and nonlactating and in pregnant and lactating female common shrews. The results should allow us to determine the character and range of changes that occur in the esophagus, stomach, and small and large intestines in female common shrews at the early and late stages of gestation and during lactation. Our hypothesis is that there is a distinct increase of size of digestive and absorptive surface of the small intestine in females in advanced pregnancy and lactation. We predict that the greatest increase in the surface of the mucous membrane of the small intestine in these females will occur in the duodenum and the proximal region of the mesenteric intestine, because of an increase in height and thus surface area of the villi.
MATERIALS AND METHODS
The study subject.-The alimentary canal of female common shrews (S. araneus) was examined. For the study, we selected 5 nonpregnant and nonlactating females (group I, control), 7 females in early gestation (group II), 7 in late gestation (group III), and 7 lactating females (group IV). Classification of females into these groups was based on presence and size of embryos and fetuses in the uterus and the size of mammary glands and nipples. In the common shrew, gestation lasts 20 days. According to Dehnel (1952) , we considered weeks 1 and 2 as early gestation and week 3 as late gestation.
The shrews were caught in northwestern Poland (548029N, 228319E; 242.5 km north of Warsaw and 306.9 km east of Torun). Trapping localities were exclusively meadows and adjacent thickets. Both biotopes had a similar character and were a potential habitat of alder bog (Sphagno squarrosi-Alnetum). Typical of these habitats was the occurrence of moist-habitat vegetation, including willow thickets (Salicetum pentandro-cinereae). Both communities were a mosaic of willow thickets, rushes (Magnocaricion), and wet meadows and were seasonally flooded. The substratum was wet peat soil.
Pitfall traps were set on every plot, consisting of 100-150 metal cylinders (15-cm diameter and 40-cm depth) randomly located. Bottoms of cylinders were lined with cotton wool. To prevent starvation of the shrews, fresh minced beef was placed in the bottom of each cylinder. Sample plots were visited and cylinders were checked every 2-3 h over a 24-h period, irrespective of weather. Shrews were euthanized by cervical dislocation at the trapping site. Animals were trapped from April to September for 3 years, from 1998 to 2000. Guidelines of the American Society of Mammalogists (Animal Care and Use Committee 1998) for animal care and use were followed. The study was conducted in accordance with the approval (22/2001) of the Local Board of Ethics for Experiments on Animals.
Methods for preparing histological specimens.-Specimen were weighed with 0.1-g accuracy and their body length (from nares to anus) was measured with 0.1-mm accuracy. Alimentary canals and uteri were then dissected and fixed in a mixture of 10% formalin solution and 75% ethanol in 10:1 proportion. After 3 days, samples were moved to 4% formalin for 1 month and surplus fixative was removed with running water. Samples were weighed (Ohaus LS 200, Giessen, Germany) and stored in 75% alcohol.
To prepare histological slides, the alimentary canal was dissected into regions: esophagus, stomach, small intestine, and large intestine. Four regions of the stomach could be distinguished: cardia, fundus, transitional zone, and pylorus (after Myrcha 1967; Fig. 1 ). The small intestine consists of duodenum and mesenteric intestine (Kuryszko and Zarzycki 1995) . The beginning of the duodenum is delimited by the duodenal bulb (Feneis 1991) and the end by the entrance of the common hepatic duct. The mesenteric intestine consists of 3 segments of equal length: proximal, middle, and distal (Buts and DeMeyer 1981) . The transitional zone and pylorus differed in diameter from the fundus. The pyloric region consists of the transitional zone and pylorus, with the transitional zone about 54% of its total length (Myrcha 1967) . The fundus comprises the cylindrical region of the stomach.
To measure the length of a section, an image of it was projected on paper from a stereoscopic microscope, using a specialized eyepiece (PZO, Warsaw, Poland) that allowed us to view the alimentary canal and the drawing paper simultaneously, and its length was drawn along the long axis of the section. This length was measured with an electronic curvature measure (Scalex Corporation, Carlsbad, California) with 0.01-mm accuracy. The values obtained were divided by the linear magnification 12.8Â or 13.2Â and the result was the actual length of a section.
Serial histological sections of the alimentary canal were prepared. For proximal, intermediate, and distal mesenteric intestine, 5 or 6 pieces, 0.5 cm long and located 2 cm apart, were selected. To prepare the histological specimens 2 methods were used. The paraffin method was used for the esophagus and stomach fundus, and for the remaining parts of the alimentary canal, semithick sections were prepared with a Spurr-type epoxy embedding resin (Polysciences, Inc., Warrington, Pennsylvania).
Paraffin sections, 5-8 lm thick, were stained with Delafield's hematoxylin and counterstained with eosin. Spurr sections, 1-2 lm thick, were placed on a glass slide with a drop of water and were stained with methylene blue with azure II in borax.
Measurements and calculations.-To calculate the digestiveabsorptive area of the regions of the alimentary canal, their internal and external circumferences were measured. Circumferences were measured, as with the curvature measure, from images of 1-mm accuracy, of cross sections projected on a vertical screen. Actual circumferences were calculated from known magnifications of projections.
In all sections of the alimentary canal, external circumference was measured along the tunica adventitia or serous membrane. The internal circumference was measured in the esophagus, regions of the stomach, and the large intestine; the measurement was made at the luminal edge of the epithelial layer of the mucosa. In the duodenum and 3 regions of the mesenteric intestine, the smooth internal circumference, at the base of the villi, was measured.
Because the alimentary canal is roughly cylindrical in form, the external surface area (EX area ) and internal surface area (IN area ) of the regions was calculated using the formula for the area of a cylinder. For the duodenum and the proximal, middle, and distal regions of the mesenteric intestine, the circumference at the base of the villi was used for calculating the internal surface area. This area is referred to as the smooth internal area (SIN area) . The surface area of a villus (SA v ) was calculated using the formula for area of a cylinder. The diameter, height of villi, and the distance between villi were measured with the use of a calibrated measuring eyepiece (PZO; with accuracy to 3.70 lm and linear magnification of 128Â). The diameter of a villus was calculated from the arithmetic mean of measurements taken at 2 levels: at the base of a villus and at three-fourths of its height. The height of a villus was measured from its base to the top. To calculate the number of villi in 1 mm of the mesenteric intestinal circumference, the following formula was used: V ¼ 1,000 lm/(D v þ B v ), where D v is the diameter of the villus at its base and B v is the distance between villi. The distance between villi was measured from the base of 2 neighboring villi. The result was squared and the number of villi on 1 mm 2 of the mucous membrane of duodenum or a region of the mesenteric intestine was calculated (V 2 ). The values obtained of the smooth internal area (SIN area ), side area of a villus (SA v ), and the number of villi on 1 mm 2 of the mucous membrane (V 2 ) were used in the formula
The size of the total internal area (TIN area ) was obtained for the duodenum and the proximal, middle, and distal portions of the mesenteric intestine.
These values were used to calculate the coefficient of the ratio of the internal area of the esophagus, regions of the stomach, and large intestine to the external area of these regions (IN area :EX area ). For the duodenum and mesenteric intestine, the relation of the total internal area of regions of the small intestine to their external area (TIN area :EX area ) and length (TIN area /length of segment) were calculated. Next, the ratio of the internal area of subsequent regions of the digestive system to the body mass of females minus uterine mass (esophagus, stomach, and large intestine: IN area /body mass; regions of small intestine: TIN area /body mass) was calculated. All measurements were done individually for each section of the alimentary canal or its region for each shrew.
Data analyses.-The results of our calculations are presented as mean values with standard deviations. Statistical analyses were performed using STATISTICA for Windows package, version 5.1 (StatSoft, Inc. 1998) .
The influence of the physiological stage of a female on its body mass and morphometric variables (size of villi and size of external and internal areas) of the segments of the alimentary canal were compared using a 1-way analysis of variance. Mean values of subsequent groups were compared by the multiple-range Newman-Keuls test (P 0.05 or P 0.001). Mean lengths of subsequent sections of the digestive system and total length of the digestive system were compared using an analysis of covariance (ANCOVA), treating body mass (both with and without uterus) and body length as covariates. Surface area values were square root transformed (y ¼ Öx) before analysis. Body and uterine mass were root transformed using the cube root transformed (y ¼ Length of sections.-Length of the esophagus increased in group II, the early stage of gestation, relative to control females by 9.2%. Among the shrews examined, the esophagus was the longest in group III, in which it was 12.9% longer than in groups II and IV. The length of the esophagus in group IV was similar to that of group II. The difference in esophageal length between females in group III and the remaining groups of females was statistically significant (ANCOVA, F ¼ 3.30, d.f. ¼ 3, 21, P ¼ 0.04). The duodenum in groups III and IV was longer by 2.3 mm (39.8%) than in group I and 1.2 mm (17.9%) longer than in group II. ANCOVA showed that group studied was homogenous, but post hoc Newman-Keuls test showed that there were statistically significant differences between groups III and IV and the control (ANCOVA, F ¼ 2.10, d.f. ¼ 3, 21, P ¼ 0.05). The mesenteric intestine was shortest in the control group, then it increased gradually with reproductive stage and reached the maximum value in group IV (F ¼ 0.21, d.f. ¼ 3, 22, P ¼ 0.90). The shortest section of the digestive system was the large intestine, and its contribution to the total length of the alimentary canal was similar in all groups (5.8% on average; F ¼ 0.99, d.f. ¼ 3, 22, P ¼ 0.40). The total length of the alimentary canal in females at the late stage of gestation increased by 6.8%, and in lactation it elongated 8.9%, relative to control females (F ¼ 0.31, d.f. ¼ 3, 22, P ¼ 0.80; Table 2 ).
Size of internal and external surface.-The area of the external surface of the stomach fundus differed among groups and was the largest in females in advanced pregnancy. Differences between groups I and II and females from group III were statistically significant (F ¼ 3.69, d.f. ¼ 3, 21, P ¼ 0.03). We did not find any differences between groups of females in the internal surface of the stomach fundus (F ¼ 1.21, d.f. ¼ 3, 21, P ¼ 0.30). The coefficient for relationship of internal to the external surfaces of the stomach fundus was similar, 0.9, in groups I and IV. Simultaneously, the fundus was the only region of the stomach in which this index exceeded 1.0 (groups II and III; F ¼ 1.34, d.f. ¼ 3, 22, P ¼ 0.30; Table 3 ).
The increase in the length of the duodenum caused an increase in its external surface area. In group II the external surface of this part of the intestine was 10 mm 2 greater than in Not enlarged II 9.6a 6 1.1 63.7a 6 3.9 270.1a 6 80.5 9.4 6 2.4 6.7 6 1.4 Small embryos Not enlarged III 12.8b 6 1.2 72.2b 6 6.7 3,003.1b 6 393.9 9.8 6 2.4 6.4 6 1.9 Developed fetuses with distinctly separated head, trunk of body, and forelimbs and hind limbs
Nipples stretched out and of considerable size, distinctly standing out from fur; mammary glands form distinctive fields on internal surface of the skin (visible after dissection) IV 9.9a 6 1.5 64.6a 6 4.4 55.4a 6 34.1 9.9 6 2.5 Nipples stretched out; mammary glands as above Mesenteric intestine I (control), nonpregnant, nonlactating females X 6 SD 21.8a 6 2.2 0.8 6 0.1 10.8 6 1.4 5.9 6 1.2 5.2 6 1.1 5.9a 6 0.5 94.5 6 11.1 8.7 6 0.9 153.6 6 9.9 % 14.1 0.5 7.0 3.8 3.3 3.9 60.5 5.6 100.0 II, early stage of gestation X 6 SD 23.8a 6 1.4 0.9 6 0.3 8.1 6 1.2 5.4 6 1.9 4.7 6 1.7 7.0ab 6 0.6 98.0 6 15.6 9.5 6 1.3 157.4 6 17.9 % 15.4 0.6 5.2 3.4 2.94 4.5 61.9 6.0 100.0 III, late stage of gestation X 6 SD 27.1b 6 2.5 0.9 6 0.1 10.2 6 1.6 4.9 6 1.9 4.2 6 1.7 8.2b 6 2.1 103.1 6 33.1 9.3 6 0.8 164.1 6 29.9 % 16.9 0.5 6.2 2.9 2.5 4.9 60.2 5.8 100.0 IV, lactation X 6 SD 24.2a 6 1.7 0.8 6 0.2 9.5 6 3.0 5.5 6 1.4 4.8 6 1.3 8.3b 6 1.3 105.4 6 34.8 8.9 6 0.7 167.4 6 39.6 % 14.9 0.5 5.7 3.4 2.9 5.1 62.0 5.5 100.0 the control. A further increase up to 87 mm 2 was found in groups III and IV (F ¼ 2.97, d.f. ¼ 3, 22, P ¼ 0.05). The total internal surface of the mucous membrane in group III was greater by 65.7% on average than the control group and group II. The digestive and absorptive surface (the internal area) was largest in the duodenum of group IV. The difference among groups was as much as 82.5% and was statistically significant (F ¼ 3.43, d.f. ¼ 3, 22, P ¼ 0.04; Table 4 ). In addition, differences in value of the coefficient reflecting the ratio of total internal to external surface areas of the duodenum between groups I and II, I and III, II and IV, and III and IV were statistically significant (F ¼ 10.63, d.f. ¼ 3, 22, P ¼ 0.01; Table 4 ).
Subsequently, for the proximal part of the mesenteric intestine the increase of the total internal surface of the mucous membrane was influenced by increase in the height of villi, which was greatest in females in advanced gestation and lactation. Statistical analysis of villi height between control females and those from groups III and IV in this region of the mesenteric intestine was statistically significant (F ¼ 3.82, d.f. ¼ 3, 22, P ¼ 0.04). The total internal surface of the proximal part of the mesenteric intestine was greater by 48.8% in females in group III than in control females. For females in group IV this increase was 67.3% compared to females from groups I and II (F ¼ 2.21, d.f. ¼ 3, 22, P ¼ 0.10). The extent of changes in the size of digestive and absorptive surface of the proximal part of the mesenteric intestine was reflected by the value that represented the relationship of its total internal to external surfaces. For group IV this value was 11.5:1.0, whereas in control females and those in group II it reached 7.9:1.0 on average. Differences in the value of this coefficient between groups I and II and group IV were statistically significant (F ¼ 3.79, d.f. ¼ 3, 22, P ¼ 0.04). Area of the total internal surface of the middle part of the mesenteric intestine in group IV females was larger by 46.7% on average than in control females and those in group II. In the middle part of the mesenteric intestine there was a noticeable difference in size of the digestive and absorptive surface between females in group III and group IV (33.5%; F ¼ 1.53, d.f. ¼ 3, 22, P ¼ 0.25). It should be emphasized that from among all regions of the small intestine the shortest villi occurred in the distal part of the mesenteric intestine. The difference in size of the digestive and absorptive surface between group IV females and all others (groups I, II, and III) was smaller in comparison with previous regions of the mesenteric intestine (23.6%; F ¼ 0.57, d.f. ¼ 3, 17, P ¼ 0.60; Table 4 ).
The sum of the total internal surface (including side surface of villi, the duodenum, and proximal, middle, and distal regions of the mesenteric intestine) reflects the size of the digestive and absorptive surface of the small intestine. It amounted to 6,826.6 6 1,007.7 mm 2 in group I, 6,598.9 6 1,284.3 mm 2 in group II, and 8,302.2 6 1,690.4 mm 2 in group III. The area of the total internal surface of the small intestine was largest in group IV, 10,006.8 6 3,125.4 mm 2 . The difference in relation to group I and those in group II was 49.1% and was smaller than in comparison with group III, 20.5% (F ¼ 7.12, d.f. ¼ 3, 22, P ¼ 0.002; Table 4 ; Fig. 2 ).
DISCUSSION
The results of this study support our hypothesis that there are adaptive changes in the alimentary tract of female common shrews during gestation and lactation. The height of the villi and the surface area of the small intestine are related to the physiological stage of the female.
Differences were observed in body mass, including the uterus, among group III, and in groups I, II, and IV. Body mass was greatest in group III. Differences resulted from the presence of embryos or fetuses in the uterus, increased mass of mammary glands, a small increase in the amount of fat deposited in the mother (Poppitt et al. 1993) , and hydration of tissues due to in the effect of reproductive hormones (Peters et al. 1967) . The values we obtained are in agreement with data from Poppitt et al. (1993) , who stated that body mass of female common shrews in the 19th day of gestation was 14.8 6 1.3 g with an average of 6.9 6 1.7 offspring per litter. The body length of group II was higher by 9.6% compared to group I (Table 1 ). The greatest increase in length was found in group III-it was 24.3% in relation to group I. However, in group IV body length was reduced and close to that of group II (Table 1) . These results are in accordance with studies that showed that elongation of the body in females during reproduction is a reversible phenomenon (Dehnel 1949; Kubik 1951 ). Transitional zone of stomach I 45.3 6 12.5 36.9 6 15.4 0.8:1.0 4.3 6 1.9 II 46.5 6 6.4 39.1 6 13.7 0.8:1.0 4.4 6 2.3 III 42.1 6 15.2 37.9 6 16.9 0.9:1.0 3.8 6 1.4 IV 38.3 6 8.07 30.3 6 5.9 0.8:1.0 3.1 6 0.4
Pylorus of stomach I 36.2 6 11.3 30.3 6 9.2 0.8:1.0 3.4 6 0.7 II 34.9 6 9.1 26.5 6 11.9 0.7:1.0 2.9 6 1.7 III 29.9 6 11.5 21.9 6 9.1 0.8:1.0 2.2 6 0.8 IV 28.2 6 6.4 21.9 6 6.7 0.8:1.0 2.2 6 0.6
Large intestine I 65.6 6 17.8 62.5 6 27.6 0.9:1.0 7.4 6 3.2 II 77.7 6 40.7 63.7 6 37.3 0.8:1.0 6.4 6 3.7 III 69.9 6 4.5 64.5 6 12.2 0.9:1.0 5.8 6 1.4 IV 69.3 6 10.7 49.5 6 7.9 0.7:1.0 5.1 6 1.3
The physiological state of the female (gestation and lactation) affects the length of the esophagus and duodenum. Additionally, length of the mesenteric intestine in pregnant and lactating females increased in comparison with nonpregnant and nonlactating females. At the end of gestation and lactation, the mesenteric intestine elongated relative to control females, but despite these changes the contribution of the mesenteric intestine to the total length of the alimentary canal was similar in all groups of females and reached about 60%, which corresponds to the results of Wilczyńska (1996) .
The elongation of some portions of the alimentary tract in reproductive females has been confirmed by studies on other rodents. The total length of the intestine in lactating and pregnant female bank voles, root voles (Microtus oeconomus), and yellow-necked field mice (Apodemus flavicollis) was from 4.1% to 14.5% greater than in the control females (Myrcha 1965; Gxbczyńska and Gxbczyński 1971) . Subsequent parts of the alimentary tract do not elongate equally in each species. This is directly related to the type of food eaten by females. In pregnant and lactating female common shrews the greatest increase in length was in the duodenum. In this species, this section plays an important role in digestion and absorption of proteins, which is the main component of the diet of shrews. In contrast, in reproducing female root voles the cecum undergoes the greatest extension, because of its important role in cellulose digestion in this herbivorous species (Dominguez-Bello and Robinson 1991; Wilczyńska 1996 Wilczyńska , 1998 Wilczyńska , 1999 . The ratio of the length of the cecum to body length increased in pregnant female root voles by 6.7% and in lactating females by 18% compared to control females (Gxbczyńska and Gxbczyński 1971) .
The increased food intake in reproducing female common shrews (Poppitt et al. 1993 ) results in an increase in length of villi. In the duodenum and the proximal portion of the mesenteric intestine of the common shrew, the longest villi were found in females in advanced gestation and especially in lactating females (Table 4 ). The increase of villi length in proximal portions of the small intestine also was found in lactating female brown rats (Cripps and Williams 1975; Pénzes and Skála 1977) . In female common shrews, the effect of an increase in length of the small intestine and the height of villi, and the size of digestive and absorptive area in the duodenum and proximal and middle regions of the mesenteric intestine was greatest in females during late gestation and lactation. Many investigators showed that in female herbivores during gestation and lactation, a remarkable increase of the mucous membrane of the small intestine occurs (Boyne et al. 1966; Fischer 1955; Prieto et al. 1994) . The small intestine with an increased active surface of villi works more efficiently, maintaining uptake of nutrients and energy at high levels (Kaczmarski 1966; Larralde and Fernandez-Otero 1968; Larralde et al. 1966; Stones and Wierers 1965) . As height of villi increases, level of absorption of glucose, water, and nitrogen increases (Dowling et al. 1967; Elias and Dowling 1976) . All parts of the small intestine do not participle equally in digestion and absorption. The rate of digestion and absorption of proteins and fats is highest in proximal portions of the intestine (Randall et al. 2002) . In all groups of females, among portions of the mesenteric intestine, villi enlarge the surface of the mucous membrane least in the distal part. This is similar to results of studies on other species of insectivores (Barry 1976 (Barry , 1977 Wilczyńska 1996) .
Investigations on herbivorous mammals show that all changes in the alimentary canal of pregnant and lactating females are temporary and reversible. Cripps and Williams (1975) showed that about the 10th day after weaning offspring, wet and dry mass of the stomach in females of the albino brown rat decreased to control values. Similar changes were seen in dry mass of the small intestine. About the 10th day after end of lactation, height of villi and thickness of both layers of the muscular membrane decreased to a value close to that of control females. The reversible character of the observed changes is evidence of the great plasticity of the alimentary canal, which enables optimization of the size of structures and functions to meet metabolic requirements of the organism.
Female common shrews often conceive when still nursing the 1st litter or shortly thereafter. After the 2nd gestation and rearing the 2nd litter, females die because of normal aging. In this species, reproductive success requires an intense period of reproductive activity and the female's ability to engage in 2 gestations and lactations within a short time. It is likely that the decrease of the size of the digestive and absorptive surface of the small intestine between the 1st lactation and the 2nd gestation does not occur for female common shrews that become pregnant a 2nd time.
Two hypotheses are proposed to explain the changes that take place in the alimentary canal of pregnant and lactating female mammals. Gxbczyńska and Gxbczyński (1971) stated that the increase in height of villi and thickness of tissues that form the wall of the alimentary tract in pregnant and lactating females was an adaptation to the need to absorb more nutrients and calories (Campbell and Fell 1964; Poppitt et al. 1993) . The coefficients calculated for the length and the mass of the alimentary tract in young, pregnant, and lactating female rats were similar (Buts and DeMeyer 1981) , which supports this hypothesis. It is generally known that young individuals have a very high rate of metabolism, and thus they have increased food requirements.
On the other hand, Cripps and Williams (1975) explained the mechanism of changes in the alimentary tract of pregnant and lactating females by the effect of hormones on tissues that form the gut wall. In their explanation, an increase of the thickness of laminas and membranes that form the wall of regions of the alimentary canal would occur before females start to eat an increased amount of food (Buts and DeMeyer 1981; Grosvenor and Turner 1958; Rolls 1975) . Distinguishing between these hypotheses requires a carefully planned experiment in captive animals. For the common shrew, which is difficult to raise in captivity, this type of experiment would be difficult to conduct. In our opinion, based on what is known about the plasticity of the alimentary canal (Buts and DeMeyer 1981; Cripps and Williams 1975) , the hypothesis that assumes adaptation of the size of the mucous membrane of the small intestine to increased amount of food consumed by a reproductive female is more convincing. In previous studies the greatest changes in the small intestine were stated during lactation, when females eat the most food.
The above discussion aims to present the level of complication of the processes that cause changes in the alimentary tract in female mammals during gestation and lactation. It also draws attention to the difficulty in creating ideal conditions allowing for clear results to be obtained while studying physiological adaptation of the digestive system to the physiological state of an animal.
Numerous adaptations decrease metabolic expenses incurred by females during reproduction. These adaptations are important because they influence changes that occur at this time in the alimentary canal of females of small mammals, including those observed in the common shrew. Small female mammals, in addition to consuming increased amounts of food, reduce their body mass during gestation and lactation using their own minimal energy reserves stored as fat (Heasley 1983; Glazier 1985; McClure 1987; Mover et al. 1989) . Some small mammals also can, simultaneously or alternatively, decrease their basic metabolic rate and mobility and reduce the frequency of movements by using torpor (Mover et al. 1988; Poppitt et al. 1993; Stephenson and Racey 1995) . Decrease in activity occurs frequently. In the case of female common shrews, an increase in activity during pregnancy and lactation was observed only under laboratory conditions (Buchalczyk 1972) . In natural conditions, in contrast, reduced activity of common shrews was observed during their reproductive period (Borowski and Dehnel 1952) . All the energy-saving mechanisms that are aimed at fulfilling the energetic requirements of pregnancy or lactation were described as metabolic compensation (Heasley 1983; Mover et al. 1988; Poppitt et al. 1993;  Stephenson and Racey 1995). These energy-saving mechanisms are necessary because each species of small mammal has physical limits to the amount of food that can be consumed and time that can be spent feeding (Poppit et al. 1993) . It should be emphasized that physiological and behavioral mechanisms, which form the basis for energy saving metabolic management, probably also occur in pregnant and lactating female common shrews. One example of an adaptation to increased energetic demands during the reproductive period in common shrews is the phenomenon of reabsorption of embryos, which takes place under conditions of food shortage and often occurs in the natural environment (Tarkowski 1956 ).
